Abstract. We sought to elucidate the mechanisms underlying two common intravascular optical coherence tomography (IV-OCT) artifacts that occur when imaging metallic stents: "merry-go-rounding" (MGR), which is an increase in strut arc length (SAL), and "blooming," which is an increase in the strut reflection thickness (blooming thickness). Due to uncontrollable variables that occur in vivo, we performed an in vitro assessment of MGR and blooming in stented vessel phantoms. Using Xience V and Driver stents, we examined the effects of catheter offset, intimal strut coverage, and residual blood on SAL and blooming thickness in IV-OCT images. Catheter offset and strut coverage both caused minor MGR, while the greatest MGR effect resulted from light scattering by residual blood in the vessel lumen, with 1% hematocrit (Hct) causing a more than fourfold increase in SAL compared with saline (p < 0.001). Residual blood also resulted in blooming, with blooming thickness more than doubling when imaged in 0.5% Hct compared with saline (p < 0.001). We demonstrate that a previously undescribed mechanism, light scattering by residual blood in the imaging field, is the predominant cause of MGR. Light scattering also results in blooming, and a newly described artifact, three-dimensional-MGR, which results in "ghost struts" in B-scans.
Introduction
Intravascular optical coherence tomography (IV-OCT) has proven useful for the assessment of coronary stent parameters such as strut apposition and the extent of strut coverage by intimal hyperplasia. [1] [2] [3] Recognition and understanding of artifacts unique to IV-OCT are vital for correct image interpretation as they could negatively impact clinical decisions and core lab analyses. Two common IV-OCT artifacts are the "merry-goround" (MGR) artifact, [4] [5] [6] [7] [8] which is an artifactual increase in the strut arc length (SAL) in the lateral dimension, and the "blooming" artifact, 4, 6, 7, [9] [10] [11] which is an artifactual increase in the strut reflection thickness (blooming thickness) in the axial dimension [ Fig. 1(a) ]. However, the proposed mechanisms for these artifacts have not been validated and on closer inspection are inconsistent with clinical observations. Although many investigators have recognized a correlation between catheter eccentricity and the presence of MGR, [4] [5] [6] [7] [8] the underlying mechanism is poorly understood. The current hypotheses published in the literature attribute MGR to two mechanisms: reduction in lateral resolution based on the polarto-rectangular conversion associated with IV-OCT image reconstruction, 4, 5 and increased OCT beam spot size outside of the optical focal point 5, 9 ( Fig. 2) . During IV-OCT image acquisition, the OCT catheter rotates and emits beams of near-infrared (NIR) light at regular intervals, collecting the light which is scattered back to the catheter [ Fig. 2(a) ]. The information from this collected light is stored as one-dimensional (1-D) A-lines containing depth and intensity information [ Fig. 2(b) ]. To reconstruct this information into an image of the artery (B-scan), A-lines recorded in the polar domain are converted into Cartesian coordinates [polar-to-rectangular conversion, Fig. 2(c) ]. At increased distances from the catheter, these 1-D A-lines would introduce gaps of lateral width α × r in the rectangular B-scan, where α is the angle between two adjacent A-lines and r is the distance from the catheter. To fill these gaps, pixel values from neighboring A-lines are interpolated. Our OCT system uses a bilinear interpolation scheme, where all the information to fill in a gap between two A-lines come from those two A-lines. To illustrate this concept, Fig. 3 shows the same IV-OCT B-scan of a stented human coronary artery with and without bilinear interpolation. At greater distances from the catheter, greater lateral distances must be filled by interpolation resulting in a reduction of lateral resolution. Some investigators have suggested 4, 5 that the strut-stretching in the lateral direction (MGR) is due to this interpolation effect, which is most exaggerated at greater catheter-strut distances when the catheter is at eccentric positions [ Fig. 2(d) ]. However, as r is increased, the angle subtended by the strut to the catheter is reduced, resulting in fewer A-lines intersecting the strut [Figs. 2(e) and 2(f)]. These two opposing effects balance one another and are not expected to result in lateral stretching of the strut by more than twice the width of the gap between two A-lines, far less than the increase in SAL observed clinically 4, 12 [Figs. 1(d) and 1(f)]. However, a third factor, the varying spot size of the OCT beam, is responsible for the SAL increasing with greater eccentricity of the catheter. 5, 9 For the OCT system used in this study, the beam is smallest at its focus (∼1.5 mm) from the catheter center and increases in size outside of this optical focal point. Changes in spot size with distance from the catheter for this system have been modeled elsewhere 13 and showed that the laser spot is elliptical with a long-axis of 91 μm and a short axis that is minimum (23 μm) at the focal point of 1.5 mm [ Fig. 2(e) ] and which increases to 61 μm outside the focal point at 2.5 mm from the catheter [ Fig. 2(f) ]. Because stent struts are highly reflective objects, an OCT beam which only partially touches the stent may produce strong backreflections. For a 3-mm vessel, like the phantoms used in this study, with a stent strut of known lateral width of 100 μm, a maximum of nine A-lines would at least partially touch the strut when the catheter was centered in the vessel [r ¼ 1.5 mm, Fig. 2(e) ], while only seven A-lines would at least partially touch the strut when the catheter was fully offset touching the vessel wall [r ¼ 2.5 mm, Fig. 2(f) ]. Following interpolation, the strut would have an apparent SAL of 142 μm in the centered case, which would increase to 189 μm in the fully offset case. This maximal 33% increase in SAL still cannot explain many examples of MGR where the increase in SAL is much greater.
Since more dramatic MGR examples observed clinically occur in the presence of optical scatterers such as blood 4, 6 [Figs. 1(c) and 1(d)], intimal hyperplasia 4 [ Fig. 1(e) ], and thrombus 12 [ Fig. 1(f) ], we hypothesized that increased optical scattering in the vessel lumen by intimal hyperplasia or residual blood due to inadequate flushing may be primarily responsible for MGR rather than decreased lateral resolution or spot size variation.
The in vivo study of IV-OCT artifacts is complicated by a number of factors including catheter tilt due to blood vessel tortuosity, incomplete removal of red blood cells from the flush fluid, intimal coverage of stent struts, and uncontrolled distance between strut and catheter. Thus, we performed an in vitro assessment of MGR and blooming in stented vessel phantoms, independently testing the contribution of offset catheter, intimal hyperplasia thicknesses, and concentration of blood contamination of the flush fluid (Fig. 4) .
In the present study, we provide experimental results suggesting that MGR and blooming both arise as manifestations of a common mechanism, namely optical scattering between the catheter and stent struts. We also report the first observations of artifactual distortion in the third dimension, longitudinally along the pullback, and provide empirical support that this "three-dimensional merry-go-round" (3-D-MGR) is also a manifestation of optical scattering. Finally, we discuss the implications of these findings for the correct interpretation of IV-OCT images.
Methods

Intravascular Optical Coherence Tomography
Image Acquisition Driver 3.0 × 9 mm (Medtronic, Inc., Minneapolis, Minnesota) and Xience V 3.0 × 8 mm (Abbott Vascular, Santa Clara, California) coronary stents were deployed within vessel phantoms of 3-mm luminal diameter created from polydimethylsiloxane (PDMS) (Dow Corning Corporation, Midland, Michigan) and titanium dioxide (TiO 2 ) (Sigma-Aldrich, St. Louis, Missouri) to simulate optical scattering properties of arterial tissue for 1300-nm light (μ 0 s ≈ 20 cm −1 ). 14, 15 The stented phantoms were inserted into a custom imaging apparatus and 4 (c) MGR due to blood artifact, 6 (d) MGR and blooming due to intimal hyperplasia and worsened by blood, 4 (e) MGR and blooming due to intimal hyperplasia, 4 and (f) MGR and blooming due to thrombus.
12 imaged in 0.9% saline or porcine blood with hematocrits (Hcts) of 0.25%, 0.5%, and 1% at a flow rate of 3.2 mL∕s.
Catheter Offset
To assess MGR due to catheter offset, a 3.0 × 9 mm Driver stent was selected due to the round cross-section of each strut, which allows each strut to "present" the same leading edge to the light independent of catheter position. The stented phantom was imaged in 0.9% saline with the catheter coaxially located at three positions within the stent: (1) the center of the phantom; (2) 0.6-mm offset from center; and (3) eccentrically located adjacent to the vessel wall.
Simulated Intimal Hyperplasia
To assess MGR due to tissue coverage, simulated tissue coverage of varying thickness was created by performing serial dips of the Driver-stented phantom within PDMS∕TiO 2 .
2.4
Merry-Go-Rounding, Blooming, and ThreeDimensional Merry-Go-Rounding due to Blood Scattering
To assess MGR, blooming, and 3-D-MGR due to blood scattering, the Xience-stented phantom was imaged at increasing % Hct. The 8-mm long Xience V was selected for blood artifacts analysis due to the open cell design, containing six repetitive been proposed in the literature that the MGR is due to this reduced lateral resolution at greater distances from the catheter, where more space is filled by interpolation. (e, f) However, since the angle between two sequential A-lines is fixed, as the distance from the catheter to the strut is increased, fewer A-lines intersect the strut (in the blowups, black lines represent the centers of the OCT beams, but OCT beams which only partially touch the strut such as the two outermost beams in (e) will still result in A-lines containing stent strut signal). These two offsetting mechanisms would balance for no change in SAL, except for an additional factor, changing laser spot size outside of the beam focus. As shown in scales in (e, f), the width of the beam spot of our OCT system increases from 23 to 61 μm when the catheter-strut distance is increased from 1.5 to 2.5 mm, which can explain a small (i.e., ∼33%) increase in apparent SAL, but cannot explain the more dramatic clinical images shown in Fig. 1 .
corrugated rings that are each connected by three embedded links. B-scans of the regions involving the three embedded links appear as three equally spaced struts in cross-section, which are sufficiently separated such that "blurring" of these struts into one another, which would complicate measurements of SAL between struts, did not occur. The longitudinal lengths of the six corrugated rings and the five regions containing three embedded links were measured by multiplying the number of Bscans containing the relevant region by the longitudinal thickness of a B-scan. It is recognized that the light saturation can result in the blooming of reflective objects such as struts. For blooming measurements in this study, however, struts which exhibited signs of saturation (i.e., linear streaks extending axially between the strut and catheter) were excluded. Thus, we are measuring a separate artifact which results in blooming by a mechanism other than saturation.
Micro-CT
The Xience-stented phantom was scanned at the HighResolution x-ray CT Facility at the University of Texas at Austin and taken as the gold standard for the true stent dimensions. A FeinFocus microfocal x-ray source was employed operating at 200 kV and 0.17 mA without an x-ray prefilter. A slice thickness of 6:62 μm corresponded to one line in a CCD image intensifier imaging system. Each slice was reconstructed at 1024 × 1024 pixels over a 6 mm field of reconstruction, resulting in an in-plane resolution of 5:86 μm per pixel. Data were reconstructed as 16-bit TIFFs for offline analysis.
Optical Coherence Tomography System
The OCT system is a custom-made Volcano Corporation system which has a 1310-nm swept source laser (HSL-1000, Santec, Hackensack, New Jersey) scanning at a repetition rate of 20 kHz. The measured free-space axial resolution was 15 μm with a 6-mm scan depth in saline. The OCT signal was sampled with a linear k-space sampling clock to allow real-time OCT image acquisition and display. The IV-OCT catheters were 3.1 French and included a point source with a cone angle of 6.315 deg, a single-mode optical fiber (SMF-28 which features low-dispersion at 1310 nm) with a mode field diameter of 10 μm, a GRIN lens (0.5-mm diameter, 1.32-mm length, and peak refractive index of 1.629), 0.150-mm glass (BK7) 45-deg prism, and a polymer sheath (ro − ri ¼ 152 μm). The space (256 μm) between the glass prism and sheath is filled with air. The focal depth of the beam is ∼1.5 mm and the numerical aperture of the catheter is ∼0.05. Our OCT system has an average of 666 A-lines per B-scan.
Image Analysis and Statistics
Raw data from the IV-OCT pullbacks were stored in a datalog file format (National Instruments, Austin, Texas) and exported for offline analysis. Offline analysis of IV-OCT and micro-CT images was performed using Medis QIvus analysis software (QCU-CMS) (Medis, Leiden, The Netherlands). Measurements of SAL, blooming thickness, catheter-strut distance, and intimal coverage thickness were visually defined using a caliper tool. For 3-D reconstructions, the stent struts were manually segmented from each IV-OCT B-scan to form black and white images and imported into MATLAB to form a 301 × 301 × 1806 voxel 3-D array. Two-dimensional cross-sections were imported as an image sequence into ImageJ, and the 3-D Viewer function was used to reconstruct the sequence into a 3-D image. Catheter offset and strut coverage thickness data were analyzed with linear models. Data for varying %Hct were analyzed with ANOVAs with Tukey correction for multiple pairwise testing. All statistical testing were two-sided with a significance level of 5%. SAS Version 9.3 for Windows (SAS Institute, Cary, North Carolina) was used throughout. All results are expressed as mean AE standard deviation (SD). We summarized intraobserver variability with the within-observer SD and interobserver agreement with the intraclass reliability coefficient, paired-data scatter plots, and Bland-Altman plots. 16 
Results
Merry-Go-Rounding due to Catheter Offset
The mean SAL of struts increases significantly with the distance between the catheter and the strut [R 2 ¼ 0.6794, slope ¼ 0.0497, p < 0.001; Fig. 5(a) ]. Typical B-scans are shown in Fig. 4 . Fig. 3 Bilinear interpolation in intravascular optical coherence tomography (IV-OCT) image reconstruction. The same IV-OCT B-scan of a stented human coronary artery is shown without (top) and with (bottom) bilinear interpolation. In the blowup from the top image without interpolation, the gaps between A-lines can be clearly seen. In the blowup of the same region from the bottom image, each of these gaps has been filled in using a weighted average of pixel values from the two surrounding A-lines.
Merry-Go-Rounding due to Simulated Intimal Hyperplasia
The mean SAL of struts increases significantly with coverage thickness [R 2 ¼ 0.3947, slope ¼ 0.1016, p < 0.001; Fig. 5(b) ]. Typical B-scans are shown in Fig. 4 .
Merry-Go-Rounding due to Blood Scattering
Micro-CT of the Xience stent strut gives a width of 90.2 AE 2.7 μm. Mean SAL of struts by OCT increases significantly with %Hct [ANOVA; p < 0.001; Fig. 5(c) ]. When compared with the Xience stent imaged in 0.9% saline (mean SAL ¼ 142 μm AE 46.0, N ¼ 7 struts), the mean SAL increased to 283 μm AE 71.4 (N ¼ 9 struts), 507 μm AE 26.7 (N ¼ 8 struts), and 614 μm AE 50.6 (N ¼ 6 struts) for 0.25%, 0.5%, and 1% Hct, respectively [ Fig. 5(c) ]. All pairwise comparisons were statistically significant (p < 0.05 for each comparison). Typical B-scans for 0.9% saline and 1% Hct are shown in Fig. 4 . The changes in SAL due to blood scattering were greater than fourfold and greater than the changes caused by catheter offset or intimal hyperplasia.
Blooming due to Blood Scattering
When compared with the Xience stent imaged in 0.9% saline (mean blooming thickness ¼ 44 μm AE 8.2, N ¼ 36), the mean blooming thickness increased to 77 μm AE 21.9 (N ¼ 32), 93 μm AE 24.5 (N ¼ 35), and 99 μm AE 21.7 (N ¼ 29) for 0.25%, 0.5%, and 1% Hct, respectively (ANOVA; p < 0.001; Fig. 6 ). All but one of the pairwise contrasts were statistically significant (p < 0.05); the single exception was 0.5% versus 1% (p ¼ 0.65).
Three-Dimensional Merry-Go-Rounding due to Blood Scattering ("Ghost Struts")
Three-dimensional reconstructions of the micro-CT and IV-OCT images of the Xience V stent recorded at different blood Hcts are shown in Figs. 7(a)-7(c). When increasing concentrations of blood scatterers were present, longitudinal blurring of the struts caused the average longitudinal length of the six corrugated rings to increase: 1050 μm AE 83.7 in 0.9% saline, 1250 μm AE 109.5 in 0.25% Hct, 1325 μm AE 82.2 in 0.5% Hct, and 1417 μm AE 129.1 in 1% Hct. All but two pairwise contrasts were statistically significant (p < 0.05); the exceptions were 0.25% versus 0.5% (p ¼ 0.60) and 0.5% versus 1% (p ¼ 0.43). Further, the total length of the stent increased from 8.15 mm in 0.9% saline to 8.55 mm in 1% Hct, while the micro-CT value for the length was 8.22 mm. With increasing %Hct, the longitudinal blurring of the corrugated rings into the adjacent B-scans of the regions containing the three embedded links created "ghost struts" [Figs. 7(d)-7(f)]. As a result, the average longitudinal length of regions involving the three embedded links (N ¼ 5 regions) decreased from 240 μm AE 41.8 in 0.9% saline to 90 μm AE 41.8 in 0.25% Hct and 30 μm AE 27.4 in 0.5% Hct. This artifact was most apparent in 1% Hct in which there were no B-scans containing only three struts in cross-section [ Fig. 7(d) ]. All but one of the pairwise contrasts were statistically significant (p < 0.05 for each contrast); the single exception was 0.5% versus 1% (p ¼ 0.49).
Reproducibility
Two observers made measurements in this study. With regard to intraobserver variability, the within-observer SD for SAL (μm), coverage thickness (C, μm) and catheter-strut distance (D, μm) were observer 1: SAL 175.3, C 77.5, and D 50.3 
Discussion
Many investigators have noted a correlation between catheter eccentricity and the presence of MGR. [4] [5] [6] [7] [8] Proposed mechanisms for MGR include reduced lateral resolution due to an increased lateral distance between A-lines with an eccentric catheter position 4, 5 and increased laser spot size outside of the optical focal point. 5, 9 While these mechanisms can account for a relatively small increase in SAL (i.e., ∼33% increase in SAL for a 3-mm vessel and 100-μm stent strut), they are insufficient to explain the more extreme examples of MGR commonly observed in clinical IV-OCT images, as well as MGR artifacts observed when the catheter is centered in the vessel [Figs. 1(d) and 1(f)]. We hypothesized that the optical scattering by residual blood in the flush fluid or strut coverage by intimal hyperplasia is the primary cause of MGR. We examined each of these mechanisms in isolation, as well as catheter eccentricity. Our results with light scattering from residual blood are consistent with the magnitude of more dramatic SAL elongation observed in clinical IV-OCT images (Fig. 1) . We have provided results suggesting that the MGR and blooming both arise as manifestations of increased optical scattering in the space between the catheter and stent struts. Optical scattering is not only limited to two dimensions within a single B-scan, but also occurs in the third dimension, longitudinally along the pullback creating "ghost struts" between B-scans.
The mechanism underlying IV-OCT blooming artifact is most commonly attributed to light saturation of the detection electronics resulting from the highly reflective surfaces of stent struts 4,6,9,10 causing a spillover effect into neighboring lower-intensity pixels along the axial A-line. This mechanism suggests that the blooming is more pronounced in the absence of blood, which is known to attenuate the OCT light beam [4] [5] [6] 9 and would thus reduce the signal intensity of light returning from the strut surface to the catheter. However, our data presented in Fig. 6 show that the opposite effect occurs; blooming thickness increases with %Hct, more than doubling when imaged through concentrations of blood that are difficult to appreciate clinically (i.e., 0.5% Hct versus 0.9% saline). Findings reported here have significant implications for the assessment of stent strut apposition by IV-OCT. The current teaching is that in the presence of saturation-induced blooming [identified by linear streaks such as those seen in Fig. 1(b) ], the true leading edge of the strut is in the center of the bloom. 7, 11 The current study provides new information regarding blooming in the absence of the saturation artifact. When blooming is produced by blood artifact and the stent strut is measured in the middle of the bloom, there can be an artifactual lifting of the stent strut off the vessel wall. Clinicians should be aware of this newly described artifact: blooming due to light scattering. Consistent with our hypothesis, catheter eccentricity [ Fig. 5(a) Fig. 5(a) ]. Increased SAL due to scattering by blood compared with intimal hyperplasia is interesting considering that our simulated intimal hyperplasia has a greater scattering strength than blood at the concentrations used in this study (u 0 s ∼ 20 cm −1 for simulated intimal hyperplasia and u 0 s ∼ 0.1 cm −1 for 1% Hct for 1300-nm light 17 ). The result is explained by considering that the distance over which blood scattering occurs is much greater than for the case of intimal hyperplasia. For the simulated tissue coverage, scatterers occupied a maximum axial distance of only 360 μm, while blood scatterers occupied the entire axial length from the centered catheter to the struts, on the order of millimeters. The increased distance over which the scattering occurs results in a greater lateral deviation of light rays (Fig. 8) . This perspective also possibly explains why many investigators have recognized a correlation between catheter offset and MGR with the implication that the subvisible scatterers are present. These scatterers positioned between the catheter and strut could be residual red blood cells incompletely removed while flushing, but also may originate in microbubbles formed through the power injection of flush-fluid during the IV-OCT image acquisition.
Our results show that the red blood cells in the imaging field result in blooming and MGR. However, these artifacts do not occur equally, as 1% Hct caused SAL to increase fourfold, while blooming thickness only increased twofold. This is likely because MGR is an angular effect, where a scatterer closer to the catheter will result in a greater lateral deviation of a photon (Fig. 8) , while blooming is instead dependent on the change in path length of the photon, making the distance of the scatterer from the catheter less important.
In addition to the two artifacts discussed here (MGR and blooming), which result in the stretching of struts in the lateral and axial dimensions of a B-scan, respectively, we have also identified for the first time stretching of struts in the longitudinal direction (3-D-MGR) along the pullback (Fig. 7) . Unlike blooming and MGR which alter the apparent dimensions of a strut, 3-D-MGR occurs between B-scans and can artifactually create "ghost struts" in a B-scan where no struts exist. Artifactual increases in all three dimensions due to optical scatterers are not expected to be limited to stent struts, but may extend to other features such as native plaque components. Thus, studies involving serial core lab assessments of fibrous cap thickness, lipid core regression, and bioabsorbable stent resorption could be affected if blood contamination is present. For instance, poor blood clearance can artifactually increase fibrous cap thickness measurements by 18.8 AE 12.9% (146 AE 37 μm to 171 AE 30 μm, paired t-test, p ¼ 0.016, n ¼ 5 patients) (Fig. 9) . This error in measurement could impact whether fibrous caps are considered vulnerable or not.
Our data indicate that light scattering by red blood cells results in MGR, blooming, and 3-D-MGR, suggesting that these three artifacts are manifestations of a common mechanism (light scatterers in the lumen) in the lateral, axial, and longitudinal dimensions, respectively. While blooming is clinically significant as it may be mistaken for malapposition of the stent and lead to inappropriate clinical decisions such as aggressive postdilation, erroneous measurements of SAL due to MGR distortions are unlikely to affect clinical decisions. However, the appreciation of MGR in clinical OCT images is of value, as it is easier to recognize than the other two artifacts and indicates that the scatterers may be present in the lumen, suggesting that the blooming artifact, and ghost struts, may be present in the B-scan as well.
As with any in vitro phantom study, this study is limited as all conditions that occur in clinical practice are not duplicated. The simulated intimal hyperplasia made with PDMS∕TiO 2 will have different scattering properties from true intimal hyperplasia. Further, optical scattering by blood was designed to be homogenous for experimental consistency, while clinically, heterogeneous blood swirls are more commonly encountered. However, microbubbles formed during clinical contrast injection represent another source of light scattering and would be homogenous. While our study implicates optical scatterers in the imaging field to have the greatest impact on these artifacts, a discussion of the effect of confounders (such as catheter angulation relative to the vessel axis and changing vessel size) on these findings will require further research. Finally, our correlation coefficients regarding the impact of catheter offset and intimal hyperplasia on MGR ranged from 0.39 to 0.68 deserve further explanation. As described in Fig. 2 , an OCT beam which only partially touches a strut can result in the strut being interpolated over the whole spot size. With our OCT beam profile and phantom vessel of 3-mm diameter, this effect can change the SAL by up to 61 μm and may account for the variability of our data. In the case of simulated intimal hyperplasia, inhomogeneities of the PDMS∕TiO 2 mixture may be the cause of variability.
In conclusion, previously proposed mechanisms cannot account for the magnitude of MGR observed in clinical IV-OCT images. We have demonstrated that the MGR and blooming both arise from a newly described and common mechanism, optical scattering, and that the subvisible concentrations of residual blood in the flush fluid result in MGR artifacts comparable with the degree observed in clinical IV-OCT images. We also describe 3-D-MGR for the first time, which may be a source of "ghost struts" as a newly described OCT artifact. Of clinical concern, MGR has a significant effect at levels of blood contamination that are not apparent to the operator, which emphasizes the importance of reducing potential contamination during image acquisition. Careful consideration of flushing parameters, including the use of viscous flush medium (i.e., Visipaque™ or dextran 40), to adequately clear blood from the lumen should be performed. Further, subjective assessment of stent apposition without careful consideration of MGR and blooming could lead to unnecessary and potentially harmful postdilatation following stent deployment.
